Abstract. In this paper, we introduce a performance-based test for measuring adolescents' competences in online inquiry. The test covers four competence dimensions: 1) searching and selecting relevant sources, 2) identifying the main ideas presented in the sources, 3) evaluating the credibility of the sources, and 4) synthesizing information across the sources. We implement a technological solution called NEURONE to carry out this routine. The scoring of the test data is demonstrated by presenting preliminary results of a case study. Finally, we discuss the strengths and limitations of the test.
Introduction
The breakthrough of the Web in the late 1990s gave a boost for research on information literacy (IL). The enormous and ever expanding information resources of the Internet gave a new potential to develop online research as an integrated element of learning [1] . The heterogeneity and complexity of Web information resources directed the interests of various research communities on the issues of efficient searching and critical evaluation of information [2] . Skills related to online research and learning became a genuine multidisciplinary research field. This paper aims to contribute to IL research by introducing a performance-based online test designed to measure online inquiry competences. Performance assessments are characterized by the use of open-ended tasks and complex problems that require students to display their skills in several types of performance that usually focuses on higher-order skills [3] . Our assessment, targeted for adolescents, measures skills This is the post print version of the article, which has been published in Communications in Computer and Information Science 2018, 810, 673-682. The final publication is available at Springer via http://dx.doi.org/10.1007/978-3-319-74334-9_69 needed when solving a problem with online information. We will introduce the main elements of the assessment and a case study that helps to understand how students' skills are evaluated. The assessment aims at providing timely information of students' skills for improving instructions both in classrooms and in school libraries.
Approaches to Assess Online Inquiry Competences
Assessment approaches for IL are divided into three main categories [4] : 1) Fixed-choice tests are good in measuring students' acquisition of declarative knowledge. McCulley [5] calls fixed-choice instruments as knowledge tests. The strength of this approach is that data collection is easy to administer in large volumes and scoring can be automated. 2) Performance assessments (or performance tests) require students to apply their knowledge and skills with tasks simulating the real world tasks. 3) Rubrics are scoring tools for qualitative rating of authentic, often complex student work. Rubrics and performance tests are not exclusive categories since rubrics can also be applied in scoring performance tests.
Information Literacy Tests
Library institutions in higher education have actively developed fixed-choice tests, such as SAILS [6] applying the IL competency standards. However, there have been only a few attempts to develop instruments to measure younger students' skills. Some fixed-choice tests of IL skills have been developed for primary or secondary students [7, 8] . We did not find any examples of performance tests in the LIS literature. Fixed-choice tests, such as SAILS, have been systematically validated and are widely used but suffer from three basic limitations: 1) They measure what the student knows rather than what she/he can do; 2) They are strongly contextualized into the library environment neglecting the Web as an information and learning environment; 3) Only limited attention is given to the information use [9] .
Online Research and Comprehension
In educational sciences, research on literacies has increasingly begun to explore online research and comprehension [10, 11] . Online research and comprehension refers to the Web-based activities of locating, critically evaluating, synthesizing, and communicating information when students solve an open-ended problem with the help of online information [10] . Thus, this approach overlaps with IL but research focuses only on skills needed on the Internet environment. This line of research has designed, implemented and applied performance-based assessment for increasing our knowledge on students' online inquiry skills [12] .
Evaluation of Information Interactions
Research on task-based information interaction [see 13] offers a solid theoretical ground to develop tests for IL with authentic or simulated tasks. Further, experimental studies on interactive information retrieval process provide us with models and tools to capture and analyze search logs. Systems, such as Coagmento, collect users' actions during search tasks. The system can collect actions and their outcomes, such as mouse clicks, queries, visited pages, saved pages, and highlighted text extracts [14] .
A Novel Performance Test for Online Inquiry Competences
Our literature review indicates that the LIS community has neglected the development of assessment methods beyond fixed-choice knowledge tests. This is unfortunate since present instruments do not help us to understand how students apply their conceptual, declarative, and procedural knowledge in authentic online inquiry tasks. The gap in measuring higher-level learning outcomes obviously limits the possibilities to develop IL instruction. Novel performance-based assessment methods are needed also for evaluating the effectiveness of instruction.
Performance-based assessment designs try to build a balance between natural research design, realism, and control. Various dimensions of online inquiry competences require authentic tasks in which testees can demonstrate their mastery of competences. Tasks completed in the actual Internet would be authentic but lack control of the changes in Internet resources and other confounding factors. To control these it is necessary to build closed test environments simulating the Internet [10] .
Tasks
Though simulated online inquiry tasks are complex, they can be divided into stages or phases which appear quite consistently across tasks [13, 15] . Structuring tasks into stages simplifies assessment since each competence dimension can be assessed within one stage where specific scoring methods can be applied. The test instances can be varied by changing the topic, the sources, or the answer required.
In the assessment, students perform a scenario-based task that measures the interrelated online inquiry skills of searching and selecting relevant sources, identifying important information in the selected sources, evaluating credibility of sources, and synthesizing information across multiple sources. After students have been introduced to a simulated task-scenario, students conduct the task in four phases matching the above listed competence dimensions.
Developing a Task on a Controversial Issue
To demonstrate our approach, we designed a task on a controversial issue. In the beginning of the assessments, students receive an email from a student representing another school. In the e-mail, he gives a tip to students on how to earn some money for a field trip by making a magazine that can be sold to parents and acquaintances. He also suggests that students compose an article titled "Computer-gaming has both advantages and disadvantages" for the magazine. In the article, students should also give a recommendation on how adolescents should use computer-games. Finally, he asks students to search for three Web sources and write an article on the basis of them.
In the first phase (Search and Selection), the student is required to use a search engine to locate three relevant sources. In the closed test environment (see section 3.3 for more details), the document collection contains only three relevant and 17 non-relevant sources. The content and layout of the relevant sources was designed by the research team to simulate authentic Web pages. The non-relevant pages were directly downloaded from the Web but internal links were deactivated. The non-relevant sources also dealt with computer gaming and related themes but did not discuss potential advantages and disadvantages of gaming to players. If the student fails to find all relevant sources in the first phase, the missing ones are given when he/she moves to the second phase. This ensures that all students have equal chances to succeed in the later phases independently of their success in searching.
In the second phase (Identifying and Collection), the student is asked to identify two text extracts per page which include relevant information for the task. The aim is that the student reads the relevant sources and tries to make sense of their content. The relevant sources were designed to approach the topic from different perspectives: health, learning, and aggressive behaviour. The sources varied in their argumentation so that one source presents supportive reasons, one counter-reasons, and one both. The student highlights the fragments of text considered as the most important.
In the third phase (Critical Evaluation), the student is asked to evaluate the credibility of each source by rating them with stars (range 1-5) and to justify the ratings. The relevant pages included three different types of sources: a short newspaper article, a press release of a university, and a blog posting of a medical expert. This was supposed to reflect the wide variation of texts that the Internet offers.
In the final phase (Synthesis), the student is required to compose the short article to the school magazine. The fragments of texts identified in the second phase (Identifying and Collection) were available for the student, and she/he could also visit the pages. Students are expected to compose their synthesis by utilizing all sources, and give a balanced review on the advantages and disadvantages of computer gaming.
Development of the Test System
To implement the above test, we developed an online environment called NEURONE (oNlinE inqUiRy experimentatiON systEm) as part of the Finnish-Chilean iFuCo project (2016-2018). NEURONE comprises four major modules that assess the following online inquiry skills: search, identify main ideas, evaluate information critically, and synthesize information. These modules are materialized through a set of components, resources, and tools deployed in a controlled environment. The first module consists of a search engine and a navigational system that operate on a closed collection of Web pages. Within this component a user can search for information in a system that mimics the appearance of well-known search engines (Figure 1) . Moreover, Web pages can be explored and bookmarked for later usage. The second module provides access to the bookmarked Web pages and a tool for collecting fragments of text called snippets from the pages. The third module allows users to revisit Web pages bookmarked so that they can evaluate them. Finally, the fourth module provides access to bookmarked pages, the main snippets collected from them, and a form to compose the text that synthesize information found from the sources. To better scaffold students in NEURONE, the modules were connected with contextualized instructions and automated tutorials before each stage. Moreover, to increase the engagement within the system, both the tasks and the tutorials were guided by fictitious characters that were represented as avatars.
NEURONE was developed through an iterative process that let us improve its usability, test structure, and content. Specifically, we conducted three pilots with elementary school students. Overall, 38 students from three schools participated in these pilots completing the test in pairs or individually. The analysis of system logs, on-site researcher observations, and users' comments revealed several software bugs and unclear instructions, tutorials, and task guidelines. All these issues were fixed.
A Case Study
In this paper, we report the results of a case study conducted in two classes of sixth graders from one primary school in Finland. There were 36 students, 19 girls and 17 boys aged from 12 to 13 years. The goal of the case study is to demonstrate the administration of the test and scoring of students' online inquiry competences. Note that the small dataset allows us to make decriptive statistical analysis only.
Test Arrangements
The test session was arranged at school during a regular 45-minute lesson. Before the students arrived to the class, computers were started and logged into the NEURONE system. A researcher read aloud short written guidelines to students before they started the test. Students were advised to work at their own pace but be aware that the system will alarm when the maximum time in each phase is close to the end. Students were encouraged to ask for help if they faced problems with the system. Spare laptop computers were available to avoid potential problems with the school's equipment.
Scoring
In scoring students' online inquiry competencies, various approaches need to be applied because the assessed data vary from dimension to dimension. In two first dimensions, we applied automatic procedures in the search log data. In two latter dimensions, scoring was based on a rubric.
Searching and Selecting Relevant Sources.
In order to demonstrate the utility of our test approach, we score students' performance at this stage through two specific measures. Given the nature of the task (search three relevant Web pages) a recall-based measure is a natural choice. We applied an adapted version of recall as defined in [16] . Recall(s) corresponds to the ratio between the total number of relevant pages bookmarked by student s (relevant coverage) and the total number of relevant documents (here three) in the collection (Eq. 1). However, recall alone turned out to be a vulnerable measure because some students learned to select relevant pages by randomly bookmarking pages and letting NEURONE inform when they got a hit. SearchScore(s) is a process-based measure that takes into account students' selection behaviors. It corresponds to the ratio of the total number of relevant documents bookmarked and the total number of pages bookmarked (Eq. 2). The denominator penalizes for the high number of bookmarked pages. We weigh the ratio by 5 to scale the score between the range 0 -5.
Recall(s) = RelevantCoverage (s) / Total no of rel pages (1) SearchScore(s) = 5 * RelevantCoverage(s) / ActiveBookmarks(s)
Identifying the Main Ideas from a Source. To evaluate whether students were able to identify two text extracts that contained main ideas from each Web page, an automatic procedure was launched to compare students' snippets and the actual main ideas. The list of main ideas from each document was identified and compared to the text fragments selected by the student. If students' selections match (partial or exact) with the main ideas of the page, he/she receives one point. Additional matches of other snippets with the same idea do not give points. As a result, a student can receive two points from each page and altogether up to six points in this stage.
Justifications for Credibility Evaluations. Evaluation of credibility was scored in terms of the justifications presented by students for their credibility evaluations for each three sources (see e.g., [17] ). Students scored 2 points by presenting at least two relevant justifications, 1 point for one relevant justification, and 0 points if students were not able to present any relevant justifications. The maximum score was 6 points.
Synthesizing Information Across Sources. This dimension was scored in terms of quality of source-based argumentation. The scoring rubric took into account the following four aspects in students' articles: 1) how well argumentation relied on multiple sources; 2) whether students' source-based argumentation considered both sides (advantages and disadvantages), 3) quality of source-based arguments, i.e., whether arguments were complete (playing violent computer games increases aggressive behaviour) or incomplete (playing computer games increases aggressive behaviour), and 4) richness of argumentation. The maximum score was 4 points.
Results
Search and Selection. Results show that 11 students (31%) found all relevant pages (Recall = 1), 16 students (44%) found two (recall = 0.67), and 9 students (25%) found only one of the relevant pages (recall = 0.33) within the given time limit of 8 minutes.
Recall does not take into account if the student had bookmarked pages randomly. To address this limitation, we applied our second measure Search Score. The average search score was 2.46 (SD = 1.1). Only three students (8,3%) had bookmarked all three relevant pages straight without miss selections (Search Score=5).
In the group of eleven students, who demonstrated maximum recall (Recall = 1), four students bookmarked 8 or 9 pages. This indicates that they had not really tried or been able to assess the relevance of pages they had retrieved and opened. Their search scores fell below the average (<2.46). In the group of 9 students, who succeed to find only one relevant page, two measures give equal scores (recall = 0,33; Search Score = 1.67) since none of the students practiced with random bookmarkings.
Identifying and Collecting Important Ideas. The students scored on average, 4.36 (SD = 0.96) out of six points in the main idea identification task. All students were able to identify at least two extracts that included main ideas, however only 6% of them (3 students) were able to score the maximum 6 points. The majority of the students identified 4 or 5 relevant extracts. One interesting aspect to note was that the student who achieved the highest score in this stage (6 points) was among the low achievers in the previous phase according to our search score with only 1.66 points. Students with the highest search score obtained 4 or 5 points in the collection stage.
Justification of Critical Evaluations.
The results show students' limited abilities to evaluate the credibility of online sources. The total mean score for credibility evaluation was 2.00 (SD = 1.79) out of six points and the mean scores for single sources varied from 0.53 to 0.75 (max. 2 points). One fourth of the students were unable to present any relevant justification to any of the three evaluated sources. Furthermore, only few students were able to present multiple justifications for their evaluations. The proportion of students that presented multiple justifications for their evaluation at least in one of the evaluated sources was 27.8%. Only one student presented multiple justifications in all of his source evaluations. Almost all justifications (n = 75) were confirming the credibility, and only 7% of justifications indicated some skepticism.
Synthesis.
Although students performed quite well in the main idea identification task, they had difficulties in source-based argumentation. The mean score on quality of source-based argumentation was 2.06 (SD = 1.07) out of four points. From all students 11% were unable to include any complete source-based arguments into their article. Additionally, 11% of students showed either one-sided argumentation or they relied only on one source in their argumentation. Students may also have faced difficulties in deep level of processing of texts that was shown in quite big proportion of incomplete arguments. Altogether 22% of arguments were incomplete lowering the quality of students' argumentation. From all students, 8% reached four points from their text showing rich and precise argumentation throughout their composed article.
Discussion and Conclusions
We argue that the assessment of online inquiry competences is a multidisciplinary research issue, and tackling the challenges of performance-based testing calls for interdisciplinary research efforts. We responded to the call by introducing a test approach that provides new features informed by previous research both in LIS and educational sciences. The notion of inquiry task is bridging researchers in task-based information interaction [13] and online research and comprehension [10] . They provide a solid theoretical ground to the design of test assignments.
Our specific contribution was to apply search log analysis methods developed in interactive information retrieval research [18] to score students' searching performance. To the best of our knowledge, the automatic analysis of search logs has not been used earlier in similar tests. The closed test environment (controlled task and document collection) offers an enormous potential for the search log analysis beyond what can be done in the open Web environment. The analysis may focus both on output variables (e.g. recall and precision) and process variables (e.g. search behaviours such as click-through behavior). For a longer list of measures, see [16, 18] .
Expanding the analysis of searching beyond the overall performance scores is important from the view point of developing pedagogical practices. Performance measures tell us the level of searching skills in the tested group of students. However, if we want to develop teaching of online inquiry competences, and especially searching skills, it is more important to know what patterns of searching behaviour make the difference between high and low performers. This is a way to identify unproductive searching practices in particular contexts, design teaching interventions to tackle them, and tools for scaffolding students' learning, see e.g. [19] .
The NEURONE-Assessment was able to capture a comprehensive set of complex skills with the task that was reasonable in length for younger learners. In the design, we varied different task types. For example, when students were able to select important ideas with the snippet tool instead of the note-taking tool, they were probably not overwhelmed before the last, the most demanding open-ended task. Varying the task types probably also increases students' engagement in the task.
Our case study demonstrated how the novel test approach, as implemented in NEURONE, can be applied at the level of primary education and how the scoring of students' performance in four dimensions of online inquiry competences can be operationalized. We demonstrated what kinds of scoring can be applied in the obtained dataset. We also demonstrated how a rich search log (and overall system log) can be used in quality and validity control.
The study has several limitations. The paper introduces new ideas based on previous multidisciplinary research and one implementation of those ideas. We demonstrated one set of scoring methods without validating them at this point. In the limited dataset, we could demonstrate how the test works in practice. However, the case study does not allow us to generalize empirical results to a wider population.
In conclusion, we have contributed to the development of performance assessments in online inquiry competences. Based on an interdisciplinary approach, we designed, planned, and implemented a novel test for online inquiry competences. Moreover, we demonstrated that our approach can be applied in the field and that it opens promising avenues to develop performance tests which exploit search logs at full capacity and evaluates performance across the entire online inquiry task.
Our work on the performance test continues. About 340 6th-graders performed the test in ten Finnish schools during the Spring term 2017. In addition, hundreds of Chilean students will take the test during the second half of 2017.
